ABSTRACT In May 2000, a dead porcupine (Erethizon dorsatum Culiver) was found on an infrequently traveled dirt road at Camp Ripley, MN. The presence of late instar Calliphoridae suggested that the porcupine died within the past 4 to 7 d. Adult carrion (Silphidae) and rove (Staphylinidae) beetles were observed under the carcass. In June, a large number of adult American dog ticks, Dermacentor variabilis (Say), were observed questing on the porcupine and the surrounding grass. Six zones were established around the carcass, and each zone was sampled for ticks once a month from June through September. Ticks were captured in June and July, and 93% were captured within 2 m of the carcass. Gases released as part of the decomposition process were believed to attract the ticks to the carcass.
Dermacentor variabilis (SAY), the American dog tick, is found throughout the United States except for some parts of the Rocky Mountains. It is also found in some parts of Canada and Mexico (Goddard 1989 ). This tick ßourishes in lush, grassy meadows, young, second growth forest, and especially in moist or mesic deciduous forest and old Þeld-forest ecotones. It also occurs along the edge of roads and trails in forested habitats, along powerlines, and on the edge of clearings around homes, barns, and other artiÞcial habitations (Sonenshine 1993) .
The larvae and nymphs of this species feed almost exclusively on rodents, but are occasionally found on Lagomorphs (Smith et al. 1946) . The larvae and nymphs have also been found on larger animals, but this is considered a rarity. Dermacentor variabilis adults, however, feed on a variety of other larger animals, and are especially attracted to dogs. Observations by Smith et al. (1946) , suggested that the adults will move to the edge of roads and trails in an attempt to Þnd a host. They hypothesize that since dogs typically follow trails and roads, their odor may attract D. variabilis adults and cause the ticks to migrate and quest alongside trails and roads in an attempt to Þnd a dog host.
It is also generally known that some tick species respond to increased levels of carbon dioxide (CO 2 ) in the environment. Perritt et al. (1993) demonstrated that D. variabilis males and females responded to CO 2 concentrations of 9 ppm above ambient CO 2 levels. In a Þeld study, Semtner and Hair (1975) Kneidel (1984) found D. variabilis questing around dead mice, Mus musculus L., and attributed this attraction to the strong odor of the decomposing mice. Later, Carroll and Grasela (1986) , reported that D. variabilis were attracted to animal traps, decomposing Þsh, and decaying white-tailed deer, Odocoileus virginianus borealis Miller. Finally, this paper documents the Þnding of a large population of D. variabilis adults questing in close proximity to a dead porcupine, Erethizon dorsatum Culiver, at Camp Ripley, MN.
Materials and Methods
In the summer of 2000, members of the Center for Health Promotion and Preventive Medicine-West (CHPPM-W) conducted monthly tick surveys on a 1-km 2 area at Camp Ripley, MN. In May, the survey team discovered a dead porcupine (Erethizon dorsa-tum Culiver) on an infrequently traveled dirt road bordering the northeastern edge of the study site. The cause and time of the porcupineÕs death were unknown. The team members spent Ϸ15 min observing ßy larvae (Calliphoridae), and carrion (Silphidae) and rove (Staphylinidae) beetles on, in, and under the carcass. However, no ticks were observed on or around the carcass.
In June, the carcass (skin, quills, bone) was dry and infested with Dermestid larvae. Almost immediately, the team members observed large numbers of ticks questing on and around the porcupine. Because this was an unusual observation, the team immediately moved out of the area, prepared a sampling strategy, and began taking notes and samples to document this event.
The team established six sampling zones around the porcupine and made monthly collections in June, July, August, and September to determine the number and species of questing ticks ( Fig. 1 ). Zones 1, 2, and 3 were semicircles with zone 1 being within 2 m, zone 2 within 2 to 3 m, and zone 3 within 3 to 4 m of the carcass. Zones 4 and 5 each consisted of a 1-m path running 5 m north and 5 m south, respectively. Zone 6 encompassed the area 5 m north and 5 m south along the opposite side of the road. The intent was to collect as many ticks as possible within a sampling zone. Sampling continued until Þve consecutive samples were made without collecting any ticks. Therefore, each zone was sampled a minimum of Þve times. In June, some ticks were collected by hand in zone 1. These ticks were questing on grass leaves Ϸ30 cm from the porcupine carcass. One grass leaf had 44 D. variabilis adults on it, and another had 33. Additional ticks were collected using the drag method described below when D. variabilis were not readily observed on grass leaves.
Tick drags made of 1 by 1-m white ßannel cloth were used to collect the majority of the ticks by pulling the cloth over the ground vegetation. Drags were used traditionally in zones 2 through 6, but used more like a tick ßag to sample in zone 1. Team members wore white coveralls that were taped around the ankles (AFPMB 1998), and masking tape was used to remove ticks from the drag and team members (Karl Neidhardt, USACHPPM-North, Aberdeen Proving Grounds, MD, personal communication). Each piece of tape was labeled with the date and zone in which each tick was captured. This method immobilized the ticks and kept them alive for subsequent identiÞca-tion.
Results and Discussion
All ticks collected around the porcupine carcass were D. variabilis adults and were captured in June and July (Table 1) . In June, 337 ticks were collected in zone 1, 17 in zone 2, Þve in zone 4, and two in zone 5. No ticks were collected in zones 3 and 6. In July, the survey team collected 16 ticks in zone 1, one tick in zone 2, and one tick in zone 5. No ticks were captured in August and September.
The survey team collected 354 D. variabilis adults and 350 adults and 72 nymphs of Ixodes scapularis (Say) from the study site adjacent to the dead porcupine. The numbers of D. variabilis collected by month from the adjacent site were 289, 33, 26, 6, and 0 for May, June, July, August, and September, respectively. By comparison during the same time period, the number of adult Ix. scapularis from the adjacent area was 242, 22, 13, 4, and 69 for May, June, July, August, and September, respectively. These data show that substantial numbers of Ix. scapularis were present in the local area, but they were not found on or around the porcupine. These data also suggest that the active D. variabilis population was declining as a result of Þnding a host, predation, unfavorable environmental conditions, becoming quiescent to pass to the next season, or being collected as part of the survey. Smith et al. (1946) observed a similar decline in D. variabilis adults at MarthaÕs Vineyard, MA. They observed that females, which oviposited from August through April, produced short-lived ticks in the succeeding stages. They presumed that the period of the tickÕs activity adapted to periods of favorable environmental conditions for future development and survival.
The cause and time of the porcupineÕs death were unknown, but a motor vehicle was assumed to have killed it 4 to 7 d before the May observation. Because the collected ticks were unengorged and none were observed in May, it is unlikely that they were attached to the porcupine at the time of its death. Therefore, the ticks had to move to the carcass. Carroll et al. (1986) , when observing a white-tailed deer carcass, discounted the hypothesis that the ticks may have arrived on small scavenging mammals as nymphs, dropped off, and molted into adults. The short time period between the May and June observation (3 wk), and the noticeable decline in the surrounding D. variabilis population led us to also discount this hypothesis.
The survey conducted at the site adjacent to the porcupine showed that most of the D. variabilis were collected in the ecotonal area along forest edges. Smith et al. (1946 ), Carroll et al. (1991 , and Rinehart (Ohio State University, personal communication), reported movement of D. variabilis toward trails and roadsides, so we believe that the ticks migrated from the distinct tree-line that was Ϸ8 to 10 m east of the porcupine (prevailing winds during the summer were from the southwest). Kneidel (1984) reported that D. variabilis were attracted to dead mice and hypothesized that they were attracted to the gases emitted during the decomposition process. Carbon dioxide is released as part of the decomposition process (Smith 1986) , and CO 2 is generally known to attract many blood feeding arthropods to include some species of ticks. However, at another location on Camp Ripley in May 2000, six CO 2 tick traps were set and left for 3 h. No ticks were found on or along the edges of these traps even though subsequent tick dragging revealed that numerous D. variabilis and Ix. scapularis adults were in the area. Either the ticks were not responsive (actively move toward the host) to the CO 2 attractant or they needed more time to respond. After observing the ticks around the porcupine, we hypothesized that the D. variabilis response to a CO 2 stimulant may increase as time to Þnd a host increases or as environmental conditions become unfavorable. Hence, no ticks were observed in May (earlyÐmidseasonÐfavorable), but large numbers were collected in June (late seasonÐ unfavorable). As discussed earlier, the collection data from the study site adjacent to the porcupine indicated that the active D. variabilis population was already decreasing by mid-June.
We still cannot rule out that the ticks were attracted to the carcass by the release of CO 2 during the decomposition process, and additional CO 2 emissions from the carrion feeding insects or from passing vehicles and vertebrates may have added to this attraction. However, this does not discount the idea that other decomposition gases, such as hydrogen sulÞde (H 2 S), ammonia (NH 3 ), or nitrogen (N 2 ) (Smith 1986) , may play an important role in attracting D. variabilis to carcasses. Heat from the decomposing carcass, or vibrations or movement from passing vehicles and vertebrates may have also added to this attraction.
The possibility of adaptive behavior is another hypothesis. Because the preferred host of D. variabilis is dogs, it is possible that the host-seeking behavior of D. variabilis has adapted to dog behavior. Smith et al. (1946) suggested that D. variabilis adults might be attracted to a dog speciÞc odor. Perhaps, decomposing carcasses give off an odor similar to that of a dog, or perhaps, D. variabilis adults have discovered that dogs and other scavengers frequently investigate carcasses. Carroll et al. (1991) , Kneidel (1984) , and this study have shown that D. variabilis are attracted to decomposing animals, but the mechanism behind this phenomenom is not fully understood and needs further investigation. Ticks were collected using a 1-m 2 white ßannel drag. a No ticks were observed on or around the carcass in May 2000. Collections began in June after observing large numbers of ticks.
